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 PREFACE 
The 14th International Society of Scientometrics and Informetrics Conference 
takes place at the University of Vienna 15-19 July 2013 and is jointly organised by 
the University of Vienna and the Austrian Institute of Technology (AIT) under the 
auspices of ISSI – the International Society for Scientometrics and Informetrics. 
 
This conference provides an international open forum for scientists, research 
managers, authorities and information professionals to debate the current status 
and advancements of informetric and scientometric theories, concepts and 
indicators. In addition to the traditional evaluative focus, participants will discuss 
practical applications in related fields such as library and information science, 
history of science, philosophy of science, R&D-management, etc. 
 
This conference raises particularly the issues of new metrics (usage metrics and 
altmetrics) as complement to the classical citation metrics and opens the floor to 
discuss manifold aspects: what can really be measured with them as proxies, 
which could turn out to be adequate and robust indicators, and finally which 
reliable data sources are available to retrieve them?  
 
The importance of this topic is underpinned by two plenary sessions. In the first 
one keynote speaker Johan Bollen provides an overview of social network 
services and analyses. In the second one old metrics are contrasted with new 
ones in short introductions by experts (Henk Moed, Juan Gorraiz, Victor 
Henning) and followed by a panel discussion with representatives from research, 
research management and information industry, who will shed light on the pros 
and cons of these indicators from their specific point of view. 
 
The third plenary session deals with an evergreen as much as cumbersome topic, 
namely the methodological and ethical problems of individual-level evaluative 
bibliometrics. Wolfgang Glänzel and Paul Wouters will present "10 things one 
must not do with individual-level bibliometrics" followed by "10 things one can 
do with individual-level bibliometrics", both commented by Henk Moed and 
Gunnar Sivertsen. 
 
The ISSI conference is certainly one of the world’s largest international 
conferences devoted to this field, as is illustrated by the large number of 338 
submissions received this year.  912 authors are affiliated to organisations 
located in 42 countries from all over the world. The top three contributing 
countries are China (149), Spain (129) and the USA (101). Chile, Cuba, Malaysia, 
Sri Lanka and Ukraine are represented by at least one author, too.  
 All contributions were evaluated by at least three reviewers of the International 
and Local Committees. Thereof only 145 (107 full papers and 38 research in 
progress papers) could be accepted for oral presentations. 36 sessions run in 
parallel thrice a day in groups of four covering the gamut  from “citation 
analysis” to “open access”. In addition, 107 posters are shown in two dedicated 
poster sessions. 
All oral presentations and posters can be found in the conference proceedings. 
 
Moreover, four tutorials either deal with several mapping tools (like e.g. “Sci2” 
and “Citespace”) or address the unification issue of organizations, whereas four 
pre-conference workshops focus on information retrieval, topic extraction 
methods, standards for classifications, and bibliometric analysis for funding 
agencies. The pre-conference day is complemented by a doctoral forum. 
 
By organising the 14th International Conference in Vienna we hope not only to 
extend the tradition of the ISSI conferences as one of the most important 
international meeting points for the scientometric and bibliometric community, 
but also to promote the respective on-going activities in Austria.  
 
Our thanks go to the ISSI board for their trust and their constant support, all the 
contributors for their submissions, the members of the Local and International 
Committee for their reviewing effort as well as the sponsors for their generous 
financial support. 
We are particulary grateful for the engagement of Heike Faustmann, Alfred 
Kerschenbauer, Nikolaus Ortner, Johannes Sorz, Silvia Steinbrunner, and Maria-
Elisabeth Züger. 
 
Last but not least each conference should also be a feast for all senses. Every 
endeavour has been made to not only put together an outstanding scientific 
programme, but also to organize interesting and diverse social events, which will 
allow you to embrace the beauty and cultural richness of Vienna and its 
surroundings. 
 
We wish you a great time at the 14th International Society of Scientometrics and 
Informetrics Conference! 
 
 
Juan Gorraiz, Edgar Schiebel, Christian Gumpenberger,  
Marianne Hörlesberger, and Henk Moed 
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WKDWWKH\DFFXPXODWHRYHUWLPH(JJKHDQG5RXVVHDX$VDQDOWHUQDWLYHWR
FLWDWLRQV'LHNV HW DO  DQG%UDXQ HW DO  VXJJHVWHG WR XVH WKH WRWDO
QXPEHURIGLIIHUHQW FLWHUV RU FLWLQJ DXWKRUV LH WKHPHPEHUVRI WKH VFLHQWLILF
FRPPXQLW\ZKRDUH³LQIHFWHG´E\DFHUWDLQSDSHU7KHQXPEHURIGLIIHUHQWFLWHUV
LV D SUR[\ ZKLFK LV KDUGHU WR FRPSXWH EXW PRUH HOHJDQW DV RQO\ PDUJLQDOO\
DIIHFWHGE\FLWDWLRQVIURPVHOIFLWHUVDQGUHFXUUHQWFLWHUV
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7KH LGHD RI FLWHUVZDV UHFHQWO\ GXJXS E\$MLIHUXNH DQG:ROIUDP ZKR
SURSRVHGDQGLPSOHPHQWHGDQLQGLFDWRUEDVHGRQFLWHUVZLWKRXWHQFRXQWHULQJWKH
FRPSXWDWLRQDOREVWDFOHVRI WKHSDVW WKDQNVWRWKHFXUUHQWHYROXWLRQRIGDWDEDVHV
DQG LQIRUPDWLRQPDQDJHPHQW WRROV7KH LQGLFDWRU LV WKH FKLQGH[ GHILQHG IRU D
JHQHULF JURXS RI SDSHUV HJ WKRVH RI D VFLHQWLVW MRXUQDO RU HQWLUH UHVHDUFK
LQVWLWXWLRQDVWKHQXPEHUFKVXFKWKDWIRUDJHQHUDOJURXSRISDSHUVFKSDSHUV
DUHFLWHGE\DWOHDVWFKGLIIHUHQWFLWHUVZKLOHWKHRWKHUSDSHUVDUHFLWHGE\QRPRUH
WKDQ FK GLIIHUHQW FLWHUV ,W FDQ EH LPPHGLDWHO\ QRWLFHG WKDW WKLV GHILQLWLRQ LV
VLPLODUWRWKDWRIWKHKLQGH[ZLWKWKHRQO\H[FHSWLRQWKDWIRUHDFKSXEOLFDWLRQ
WKH FLWDWLRQV REWDLQHG DUH UHSODFHG E\ WKH QXPEHU RI GLIIHUHQW FLWHUV +LUVFK

7KHFKLQGH[ZDVHPSLULFDOO\DQDO\]HGE\)UDQFHVFKLQLHWDO7KLVVWXG\
VKRZHGLWKHJHQHUDOFRUUHODWLRQEHWZHHQFKDQGKDQGLLWKHSRWHQWLDORIFKLQ
FRPSOHPHQWLQJWKHLQIRUPDWLRQJLYHQE\K(JSDUDGR[LFDOVLWXDWLRQVLQZKLFK
WKHQXPEHURIFLWDWLRQVREWDLQHGE\DSDSHUDQGWKHQXPEHURIGLIIHUHQWFLWHUVGR
QRWJRKDQGLQKDQGDUHQRWVRUDUHGXHWRWKHDQRPDORXVLQFLGHQFHRIUHFXUUHQW
RUVHOIFLWHUV$WKHRUHWLFDOLQWHUSUHWDWLRQRIWKHFRUUHODWLRQEHWZHHQFKDQGKZDV
UHFHQWO\SURYLGHGE\(JJKH
,QWKLVDUWLFOHZHIRFXVWKHDWWHQWLRQRQWKHVXFFHVVLQGH[VLQGH[LHDUHFHQW
LQGLFDWRU WKDW IRU D JHQHULF VHW RI DUWLFOHV DOORZV WR VHOHFW DQ ³HOLWH´ VXEVHW
DFFRUGLQJ WRD ORJLFGLIIHUHQW IURPWKDWRIK)UDQFHVFKLQLHWDOD7KHV
LQGH[LVGHILQHGDVWKHQXPEHURISDSHUVZLWKDQXPEHURIFLWDWLRQVJUHDWHUWKDQ
RUHTXDOWR&7LLHDJHQHULFFRPSDULVRQWHUPDVVRFLDWHGWRWKHLWKSXEOLFDWLRQ
&7L LV DQ HVWLPDWHRI WKHQXPEHURI FLWDWLRQV WKDWDUWLFOHVRI WKH VDPH VFLHQWLILF
FRQWH[WDQGSHULRGRIWLPHRIWKDWRILQWHUHVWLHWKHLWKSXEOLFDWLRQDUHOLNHO\WR
DFKLHYH
:LWKWKHDLPRIIRUPDOL]LQJWKLVGHILQLWLRQDVFRUHLVDVVRFLDWHGWRHDFKLWKRI
WKH3SXEOLFDWLRQVRILQWHUHVW
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
ZKHUHFLDUHWKHFLWDWLRQVREWDLQHGE\WKHLWKSXEOLFDWLRQ7KHVLQGH[LVWKHUHIRUH
JLYHQE\
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 
$SDUWIURPVWKHUHDUHRWKHULQGLFDWRUVLQWKHOLWHUDWXUHWKDWDOORZWRVHOHFWDQHOLWH
VXEVHWEDVHGRQWKHFRPSDULVRQEHWZHHQWKHQXPEHURIFLWDWLRQVDFFXPXODWHGE\
HDFKSDSHUDQGDWKUHVKROG(JOHWXVFRQVLGHUWKHVHOHFWLRQE\3WRSLQGLFDWRU
%RUQPDQQ  WKDW E\ʌLQGLFDWRU 9LQNOHU  WKH FKDUDFWHULVWLF VFRUHV
DQG VFDOHV &66 PHWKRG *OlQ]HO  RU WKH (6,¶V +LJKO\ &LWHG 3DSHUV
PHWKRG ,6,:HERI.QRZOHGJH:HUHPDUN WKDWGLIIHUHQWO\ IURP V WKH
DIRUHPHQWLRQHG PHWKRGV UHTXLUH WKDW WKH VHW RI SXEOLFDWLRQV H[DPLQHG DUH
SUHOLPLQDULO\FDWHJRUL]HGLQWRVFLHQWLILFVXEGLVFLSOLQHV
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$VUHJDUGVWKHVLQGH[WKHUHDUHVHYHUDORSWLRQVIRUFRQVWUXFWLQJWKH&7LUHODWHGWR
DQ LWKSDSHURI LQWHUHVW*HQHUDOO\ WKUHH LVVXHV DUH FUXFLDO )UDQFHVFKLQL HW DO
E
 'HILQLQJ WKH SURFHGXUH IRU VHOHFWLQJ D UHIHUHQFH VDPSOH RI KRPRORJRXV
SXEOLFDWLRQV3RVVLEOHDSSURDFKHVDUHLWKHVHOHFWLRQRISDSHUVRIVDPHDJH
W\SH HJ UHVHDUFK DUWLFOH UHYLHZ OHWWHU HWF DQG SXEOLVKHG E\ WKH VDPH
MRXUQDORIWKHLWKSDSHURILQWHUHVWLLWKHXVHRIVXSHULPSRVHGFODVVLILFDWLRQV
VXFK DV ,6, VXEMHFW FDWHJRULHV LLL WKH LPSOHPHQWDWLRQ RI ³DGDSWLYH´
WHFKQLTXHV LQ ZKLFK WKH VDPSOH LV GHWHUPLQHG FRQVLGHULQJ WKH
³QHLJKERXUKRRG´ RI WKH SDSHU RI LQWHUHVW ± W\SLFDOO\ FRQVLVWLQJ RI WKH VHW RI
SDSHUVFLWLQJRUEHLQJFLWHGE\LW
 'HFLGLQJZKHWKHUWRFRQVLGHUL WKHGLVWULEXWLRQRIWKHQXPEHURI UHIHUHQFHV
JLYHQRULLWKHFLWDWLRQVREWDLQHGE\WKHSXEOLFDWLRQVRIWKHVDPSOH
 ,GHQWLI\LQJD VXLWDEOH FHQWUDO WHQGHQF\ LQGLFDWRU IRUREWDLQLQJ&7L IURP WKH
GLVWULEXWLRQRILQWHUHVWHJPHDQPHGLDQKDUPRQLFPHDQSHUFHQWLOHVHWF
5HJDUGLQJSRLQW)UDQFHVFKLQLHWDODFVWDWHWKDWLQGLFDWRUVEDVHG
RQ WKH GLVWULEXWLRQ RI UHIHUHQFHV JLYHQ ± UDWKHU WKDQ FLWDWLRQV REWDLQHG ± KDYH
VHYHUDODGYDQWDJHV
x 7KH QXPEHU RI UHIHUHQFHV LV IL[HG RYHU WLPHZKLOH WKH QXPEHU RI FLWDWLRQV
REWDLQHG WHQGV WR LQFUHDVH DQG UHTXLUHV D FHUWDLQ DFFXPXODWLRQ SHULRG WR
VWDELOL]H
x 7KLVVWDELOLW\LVDOVRGHULYHGE\WKHIDFWWKDWWKHQXPEHURIUHIHUHQFHVLVOLNHO\
WREHOHVVYDULDEOHWKDQWKHQXPEHURIFLWDWLRQVREWDLQHG
x %LEOLRJUDSKLFUHIHUHQFHVDUHOHVVLQIOXHQFHGE\MRXUQDOSDUWLFXODULWLHVVXFKDV
WKHDYHUDJHFLWDWLRQLPSDFWRIDUWLFOHV
&RQFHSWXDOO\ WKH OLQNEHWZHHQ UHIHUHQFHVJLYHQ E\ WKHSDSHUVRI WKH UHIHUHQFH
VDPSOHDQGFLWDWLRQVREWDLQHGE\WKHSDSHUVRILQWHUHVWRULJLQDWHVIURPDVLPSOH
FRQVLGHUDWLRQIRFXVVLQJRQWKHWRWDOLW\RIWKHVFLHQWLILFOLWHUDWXUHLQDFHUWDLQILHOG
DQG DFFRUGLQJ WR D VLPSOLILHG PRGHO FRQILJXUDWLRQ RI LVRODWHG ILHOGV ± LH
H[FOXGLQJ WUDQVIHUV RI FLWDWLRQV EHWZHHQ GLIIHUHQW GLVFLSOLQHV ± WKH IROORZLQJ
UHODWLRQVKLSDSSOLHV
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ZKHUH
3 LVWKHWRWDOQXPEHURIDUWLFOHVWKDWFDQFLWHHDFKRWKHULQWKHLVRODWHGILHOG
FL LVWKHQXPEHURIFLWDWLRQVREWDLQHGE\WKHLWKSDSHU
UL LVWKHQXPEHURIFLWDWLRQVJLYHQE\WKHLWKSDSHU
7KHHTXDOLW\RI(TFDQDOVREHH[SUHVVHGLQWHUPVRIDYHUDJHYDOXHV
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)RUPRUHGHWDLOHGDQGULJRURXVLQIRUPDWLRQRQWKHUHODWLRQEHWZHHQWKH F DQG U 
YDOXHVFRQFHUQLQJDVHWRIGRFXPHQWVZHUHIHUWKHUHDGHUWR(JJKH	5RXVVHDX

5HWXUQLQJWRWKHVLQGH[DSDUWIURPWKHVLPSOLFLW\RIPHDQLQJDJUHDWDGYDQWDJH
LV WKDW LW LPSOHPHQWV D ILHOGQRUPDOL]DWLRQ DW WKH OHYHO RI VLQJOH SDSHU DQG FDQ
WKHUHIRUHEHDSSOLHGWRPXOWLGLVFLSOLQDU\JURXSVRIDUWLFOHVIRULQVWDQFHWKHZKROH
SURGXFWLRQRXWSXWRIDUHVHDUFKLQVWLWXWLRQ
$QRWKHULPSRUWDQWTXDOLW\RIWKHVLQGH[LVWKDWLWLVGHILQHGRQDUDWLRVFDOH7KLV
IHDWXUHKDV VHYHUDOSUDFWLFDO LPSOLFDWLRQV WKDWPDNH WKLV LQGLFDWRUPRUHYHUVDWLOH
WKDQ RWKHUV ± VXFK DV WKH KLQGH[ ZKLFK LV GHILQHG RQ DQ RUGLQDO VFDOH
)UDQFHVFKLQLHWDOD
x 7KH VLQGH[ UHIOHFWV FRPSRVLWLRQV RI WKH LQSXW SXEOLFDWLRQ VHWV ZLWK WKH
FRUUHVSRQGLQJ FLWDWLRQV ,Q RWKHU WHUPV WKH XQLRQ RI WZR JURXSV RI
SXEOLFDWLRQV ZLWK VLQGH[ RI  DQG  ZLWK QR FRPPRQ SXEOLFDWLRQV ZLOO
DOZD\VRULJLQDWHDWKLUGJURXSRISXEOLFDWLRQVZLWKVLQGH[RI 7KLV
VLPSOHSURSHUW\ LV YHU\XVHIXO IRU H[WHQGLQJ WKHXVHRI WKH VLQGH[ WRPXOWL
GLVFLSOLQDU\ LQVWLWXWLRQV HJ MRLQLQJ JURXSV RI SXEOLFDWLRQV IURP GLIIHUHQW
VFLHQWLILFILHOGV
x 7KH VLQGH[ HDVHV QRUPDOL]DWLRQV DLPHG DW REWDLQLQJ WKH VRFDOOHG VL]H
LQGHSHQGHQF\ )UDQFHVFKLQL HW DO F *LYHQ D JHQHUDO JURXS RI SDSHUV
DQG WKH VDPH FDSDFLW\ RI SURGXFLQJ VXFFHVVIXO SDSHUV LW LV UHDVRQDEOH WR
DVVXPHWKDWWKUVLQGH[VKRXOGLQFUHDVHSURSRUWLRQDOO\ZLWKWKHGLIIHUHQWW\SHV
RI³UHVRXUFHV´GHSOR\HG,QIDFWVHYHUDOQRUPDOL]HGLQGLFDWRUVFDQEHREWDLQHG
GLYLGLQJWKHVLQGH[E\WKHUHVRXUFHXQLWRILQWHUHVWHJWKHVWDIIQXPEHURID
UHVHDUFKLQVWLWXWLRQWKHDJHRIDUHVHDUFKHUWKHQXPEHURIDUWLFOHVRIDMRXUQDO
WKHDPRXQWRIIXQGLQJUHFHLYHGLQDFHUWDLQSHULRGHWF
7KHSXUSRVHRIWKHSDSHULVLQWURGXFLQJWKHFLWHUVXFFHVVLQGH[RUFVLQGH[LH
DYDULDQWRIWKHVLQGH[ZKLFKLVEDVHGRQFLWHUVLQVWHDGRIFLWDWLRQVDFFRUGLQJWR
DORJLFVLPLODUWRWKDWRIFK*LYHQDVHWRIDUWLFOHVWKHFVLQGH[LGHQWLILHVDVXEVHW
IRU ZKLFK WKH QXPEHU RI GLIIHUHQW FLWHUV RI DQ LWK DUWLFOH H[FHHGV D VSHFLILHG
FRPSDULVRQ WHUPF&7L)RUPDOL]LQJDVFRUH LVDVVRFLDWHG WRHDFK LWKRI WKH3
SXEOLFDWLRQVRILQWHUHVW
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ZKHQ  
ZKHUHJLDUH WKHXQLTXHFLWHUV UHODWHG WRWKH LWKSXEOLFDWLRQ7KHZRUG³XQLTXH´
PHDQVWKDWUHSHDWHGFLWHUVDUHFRXQWHGRQO\RQFH7KHFVLQGH[LVWKHUHIRUHJLYHQ
E\
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
)LJXUHDH[HPSOLILHVWKHFDOFXODWLRQRIWKHVDQGFVLQGH[IRUDILFWLWLRXVVHWRI
SDSHUV
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,Q DQDORJ\ ZLWK &7L F&7L LV DQ HVWLPDWH RI WKH QXPEHU RI XQLTXH FLWHUV WKDW
DUWLFOHVKRPRORJRXVWRWKDWRILQWHUHVWDUHOLNHO\WR³LQIHFW´

QRRIFLWDWLRQV FL 
WRWDOQRRIFLWHUV FDL 
QRRIXQLTXHFLWHUV JL 

$%&
'()
$(*+
%+
$/01
%01
$%0
FLWLQJ
DXWKRUV
FLWLQJ
SDSHUV
SDSHURI
LQWHUHVW
FLWHG
SDSHUV
FLWHG
DXWKRUV
QRRIUHIHUHQFHV UL 
WRWDOQRRIFLWLQJDXWKRUV UDL 
QRRIXQLTXHFLWLQJDXWKRUV UL 
SDSHUQR FL &7L JL F&7L VHOLWH FVHOLWH
      9 9
      9 9
      9 8
      8 8
      9 9
      8 8
    VLQGH[ FVLQGH[ 

ED

)LJXUH3URSDHGHXWLFH[DPSOHVDFDOFXODWLRQRIWKHVDQGFVLQGH[IRUDILFWLWLRXV
VHWRISDSHUVDQGELQWURGXFWLRQRIVRPHLQGLFDWRUVFRQFHUQLQJWKHDXWKRUV
UHSUHVHQWHGE\OHWWHUVHJ$%&HWFRISDSHUVFLWLQJFLWHGE\DILFWLWLRXVSDSHU
RILQWHUHVW
6LPLODUO\WR&7LWKHUHDUHWKUHHEDVLFVWHSVZKHQFRQVWUXFWLQJWKHF&7LUHODWLQJWR
DQLWKDUWLFOHRILQWHUHVW
 6HOHFWLQJDVDPSOHRIDUWLFOHVKRPRORJRXVWRWKDWLQWHUHVW
 'HFLGLQJZKHWKHUWRFRQVLGHUWKHGLVWULEXWLRQRILXQLTXHFLWHUVRULLXQLTXH
FLWHGDXWKRUVUHODWLQJWRWKHSDSHUVRIWKHVDPSOH
 'HILQLQJF&7LE\DQ LQGLFDWRURIFHQWUDO WHQGHQF\DSSOLHG WR WKHGLVWULEXWLRQ
FKRVHQDWSRLQW
7KHFKRLFHDWSRLQWLVPRUHGHOLFDWHWKDQLQWKHFDVHRIWKHVLQGH[,QWXLWLYHO\
LWPD\DSSHDU FRQYHQLHQW WRXVH WKHGLVWULEXWLRQRIXQLTXH FLWHG DXWKRUV IRU WKH
VDPHUHDVRQVIRUZKLFK LQ WKHFDVHRI WKH VLQGH[ LWZDVFRQYHQLHQW WRXVH WKH
GLVWULEXWLRQ RI UHIHUHQFHV+RZHYHU WKH OLQN EHWZHHQ XQLTXH FLWHUV DQG XQLTXH
FLWHGDXWKRUVLVQRWQHFHVVDULO\VLPLODUWRWKDWEHWZHHQULDQGFLYDOXHVHYHQLQD
PRGHOFRQILJXUDWLRQRILVRODWHGILHOGV
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EHLQJ
3 WKHWRWDOQXPEHURISDSHUVLQWKHLVRODWHGILHOG
JL WKHQXPEHURIXQLTXHFLWHUVRIWKHLWKSDSHU
UL WKHQXPEHURIXQLTXHDXWKRUVFLWHGE\WKHLWKSDSHU
7KHUHDVRQIRUWKLVODFNRISDUDOOHOLVPLVWZRIROGDQGZLOOEHH[DPLQHGODWHULQWKH
PDQXVFULSW
7KH UHVW RI WKH SDSHU LV VWUXFWXUHG LQ WKUHH VHFWLRQV 7KH VHFWLRQ ³*HQHUDO OLQN
EHWZHHQ FLWHUV DQG FLWHG DXWKRUV´ LQYHVWLJDWHV ZKHWKHU LW LV DSSURSULDWH WR
FRQVWUXFWWKHF&7LE\XVLQJWKHGLVWULEXWLRQRIWKHQXPEHURIXQLTXHDXWKRUVFLWHG
E\ D VDPSOH RI SDSHUV 7KH VHFWLRQ ³3UHOLPLQDU\ (PSLULFDO DQDO\VLV RI WKH FV
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LQGH[´ GHOYHV LQWR WKH LVVXH UDLVHG LQ WKH SUHYLRXV VHFWLRQ H[DPLQLQJ D ODUJH
QXPEHU RI SDSHUV IURP GLIIHUHQW ILHOGV $IWHU GHILQLQJ WKH F&7L SURSHUO\ LW LV
VWXGLHG WKH FRUUHODWLRQ EHWZHHQ WKH V DQG WKH FVLQGH[ )LQDOO\ WKH VHFWLRQ
³)XUWKHU UHPDUNV´ VXPPDUL]HV WKH RULJLQDO FRQWULEXWLRQV RI WKH SDSHU DQG WKH
PDLQDGYDQWDJHVDQGGLVDGYDQWDJHVRIWKHFVLQGH[
*HQHUDOOLQNEHWZHHQFLWHUVDQGFLWHGDXWKRUV
%HIRUHJHWWLQJLQWRWKHSUREOHP)LJXUHELQWURGXFHVWKHUHDGHUWRWKHLQGLFDWRUV
DQGQRWDWLRQWKDWZLOOEHXVHGLQWKHUHPDLQLQJRIWKHSDSHU
(YHQPRGHOOLQJ D VFLHQWLILF ILHOG DV LVRODWHG DQG FRQVLGHULQJ WKH WRWDOLW\ RI WKH
VFLHQWLILF SURGXFWLRQ LQ LW WKHUH DUH WZR SRVVLEOH HOHPHQWV RI GLYHUVLW\ DPRQJ
FLWLQJDQGFLWHGSDSHUVLGLIIHUHQWDYHUDJHQXPEHURIDXWKRUVSHUSDSHUDQGLL
GLIIHUHQW SHUFHQWDJH RI XQLTXH DXWKRUV /HW XV FODULI\ WKLV SRLQW ZLWK VLPSOH
PDWKHPDWLFDOFRQVLGHUDWLRQV7KHTXDQWLW\¦
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JJ
 
LQZKLFK
JL LVWKHQXPEHURIXQLTXHFLWHUVRIWKHLWKSDSHULQWKHLVRODWHGILHOG
FDL JLLVWKHWRWDOQXPEHURIFLWHUVHYHQUHSHDWHGLQWKHFDVHWKDWVRPHFLWLQJ
SDSHUVDUHFRDXWKRUHGE\WKHVDPHLQGLYLGXDOVUHODWHGWRWKHLWKSDSHU
FL LVWKHQXPEHURIFLWLQJSDSHUVRUWKHQXPEHURIFLWDWLRQVREWDLQHGUHODWLQJ
WRWKHLWKSDSHU
3 LVWKHWRWDOQXPEHURIDUWLFOHVLQWKHLVRODWHGILHOG
$VVKRZQ LQ(T WKHTXDQWLW\¦
 
3
L
L

J  FDQDOVREHVHHQDV WKHSURGXFWRI WKUHH
WHUPV
FS  JLFDLLHWKHSHUFHQWDJHRIXQLTXHFLWHUVFDSS  FDLFLLHWKHDYHUDJHQXPEHURIDXWKRUVSHUFLWLQJSDSHU
¦
 
3
L
LF

WKHWRWDOQXPEHURIFLWDWLRQVREWDLQHG
$³GHFRPSRVLWLRQ´VLPLODUWRWKDWRI(TPD\DSSO\WRWKHTXDQWLW\¦
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 
LQZKLFK
UL LVWKHQXPEHURIXQLTXHDXWKRUVFLWHGE\WKHLWKSDSHULQWKHLVRODWHGILHOG
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UDL UL LV WKH WRWDO QXPEHU RI FLWHG DXWKRUV HYHQ UHSHDWHG LQ WKH FDVH WKDW
VRPHFLWHGSDSHUVDUHFRDXWKRUHGE\WKHVDPHLQGLYLGXDOVUHODWHGWRWKHL
WKSDSHU
UL LV WKH QXPEHU RI SDSHUV FLWHG RU WKH QXPEHU RI ELEOLRJUDSKLF UHIHUHQFHV
UHODWLQJWRWKHLWKSDSHU
3 LVWKHWRWDOQXPEHURIDUWLFOHVLQWKHLVRODWHGILHOG
6LPLODUO\WR¦
 
3
L
L

J ¦
 
3
L
L

U FDQEHVHHQDVWKHSURGXFWRIWKUHHWHUPV
US  ULUDLLHWKHSHUFHQWDJHRIXQLTXHFLWHGDXWKRUVFDSS  UDLULLHWKHDYHUDJHQXPEHURIDXWKRUVSHUFLWHGSDSHU
¦
 
3
L
LU

WKHWRWDOQXPEHURIUHIHUHQFHVJLYHQ


F GFS US  
FDSSUDSS 

 JLUL 

FSUS 
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

 JLUL 

D FS US  
FDSS UDSS  

 JL UL   E
FSUS 
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 

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
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)LJXUH([DPSOHVRILVRODWHGJURXSVRIWKUHHSDSHUV1RGHVUHSUHVHQWWKHSDSHUV
DQGZKRVHDXWKRUVDUH$%&'HWFDUURZVUHSUHVHQWWKHFLWDWLRQVJLYHQE\
RQHSDSHUWRDQRWKHU)RUHDFKSDSHULWLVUHSRUWHGWKHQXPEHURIFLWDWLRQVREWDLQHG
FLWKHQXPEHURIUHIHUHQFHVJLYHQULWKHQXPEHURIWRWDOFLWHUVFDLWKHQXPEHURI
WRWDOFLWHGDXWKRUVUDLWKHQXPEHURIXQLTXHFLWHUVJLDQGWKHQXPEHURIXQLTXH
FLWHGDXWKRUVUL7KHHTXDOLW\RI(TLVVDWLVILHGLQFDVHDRQO\ZKHQFS USDQGFDSS UDSS

 
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&RPELQLQJ(TVDQGZLWK(TLWLVREWDLQHG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
7KH³EDODQFHG´VLWXDWLRQJL ULFDQEHDFKLHYHGLQWKHFDVHWKHIROORZLQJWZR
VXIILFLHQW EXW QRW QHFHVVDU\ FRQGLWLRQV RFFXU DOVR VHH WKH H[HPSOLILFDWLRQ LQ
)LJXUH
DSSDSS
SS
UF
UF
 
  
WKDW LV WR VD\ L HTXDO DYHUDJH SHUFHQWDJH RI XQLTXH DXWKRUV DQG LL HTXDO
DYHUDJH QXPEHU RI DXWKRUV IRU WKH SDSHUV FLWLQJ DQG EHLQJ FLWHG E\ WKH WRWDO3
SDSHUVLQWKHLVRODWHGILHOG
(TFRXOGDOVREHPHWZLWKRXWQHFHVVDULO\VDWLVI\LQJWKHWZRFRQGLWLRQVLQ(T
 WKDW LV WR VD\ LQ WKH FDVH WKH TXDQWLW\ LQ EUDFNHWV LQ (T  ZDV XQLWDU\
+RZHYHU WKHUH LV QR SUDFWLFDO UHDVRQ WKDW MXVWLI\ WKH RFFXUUHQFH RI WKLV
FRLQFLGHQFHZKLFKLVSXUHO\FRQMHFWXUDO2QWKHRWKHUKDQGWKHWZRFRQGLWLRQVRI
(TVHHPUHDVRQDEOHIRUFLWLQJDQGFLWHGSDSHUVZLWKLQWKHVDPHILHOG,QDQ\
FDVHWKH\ZLOOEHWHVWHGHPSLULFDOO\LQWKHQH[WVHFWLRQ

7DEOH/LVWRIMRXUQDOVDQDO\]HGZLWKLQVHYHQ,6,VXEMHFWFDWHJRULHV:R6)RU
HDFKMRXUQDOZHFRQVLGHUHGWKHUHVHDUFKSDSHUVLVVXHGLQWKHWKUHH\HDUSHULRGIURP
WR
'LVFLSOLQH
,6,6XEMHFW
&DWHJRU\
-RXUQDODQGDEEUHYLDWLRQ 1RRISDSHUV
   7RWDO
%LRORJ\
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3UHOLPLQDU\HPSLULFDODQDO\VLVRIWKHFVLQGH[
'DWDFROOHFWLRQ
$SUHOLPLQDU\HPSLULFDODQDO\VLVRIWKHFVLQGH[LVSHUIRUPHGE\VHOHFWLQJVRPH
SDSHUVIURPDVHWRIMRXUQDOVRIVHYHQGLIIHUHQW,6,VXEMHFWFDWHJRULHVLQEUDFNHWV
WKH WRWDO QXPEHU RI MRXUQDOV LQGH[HG E\ 7KRPVRQ 6FLHQWLILF LQ HDFK FDWHJRU\
%LRORJ\  $QDO\WLFDO &KHPLVWU\  0DQXIDFWXULQJ (QJLQHHULQJ 
0DWKHPDWLFV *HQHUDO	 ,QWHUQDO0HGLFLQH $SSOLHG3K\VLFV 
3V\FKRORJ\  )RU HDFK GLVFLSOLQH ZH VHOHFWHG D UDQGRP VDPSOH RI WKUHH
VFLHQWLILF MRXUQDOV )RU HDFK MRXUQDO ZH FRQVLGHUHG DV DUWLFOHV RI LQWHUHVW WKRVH
SURGXFHG LQ WKH WKUHH\HDU SHULRG IURP  WR  OLPLWLQJ WKH VHOHFWLRQ WR
UHVHDUFKSDSHUVRQO\ RWKHUGRFXPHQW W\SHV VXFKDV UHYLHZVFRQIHUHQFHSDSHUV
RU OHWWHUVZHUHH[FOXGHG7DEOHFRQWDLQV WKH MRXUQDO WLWOHVDQG WKHQXPEHURI
DUWLFOHV H[DPLQHG IRU HDFK \HDU 'DWD DUH UHWULHYHG E\ TXHU\LQJ WKH :HE RI
6FLHQFH:R6GDWDEDVH7KRPVRQ5HXWHUV

)RUHDFKLWKDUWLFOHRILQWHUHVWWKHIROORZLQJRSHUDWLRQVDUHSHUIRUPHG
 &ROOHFWLRQRIWKHFLWDWLRQVWDWLVWLFVFRQVLVWLQJRI
FL WKH QXPEHU RI FLWLQJ SDSHUV SXEOLVKHG LQ  DQG LQGH[HG E\ WKH
GDWDEDVHLQXVH
FDL WKH WRWDO QXPEHU RI DXWKRUV RI WKH FL FLWLQJ SDSHUV HYHQ UHSHDWHG LI
GLIIHUHQWFLWLQJSDSHUVDUHFRDXWKRUHGE\WKHVDPHLQGLYLGXDOV
JL WKHWRWDOQXPEHURIXQLTXHFLWHUVREWDLQHGE\SHUIRUPLQJWKHXQLRQRIWKH
FDLWRWDOFLWHUVDQGUHPRYLQJWKRVHUHSHDWHG
7KHFKRLFHRIDWLPHZLQGRZIRUFLWDWLRQVDFFXPXODWLRQRIRQH\HDULV
WRVLPSOLI\WKHDQDO\VLV
 'HWHUPLQDWLRQRIDQDSSURSULDWHF&7LZKLFKWDNHVLQWRDFFRXQWWKHSURSHQVLW\
WRREWDLQFLWDWLRQVIURPGLIIHUHQWDXWKRUV7KHFRQVWUXFWLRQRIF&7LLVEDVHGRQ
DVDPSOHRI6DUWLFOHVWKDWDUHLVVXHGLQE\WKHVDPHMRXUQDORIWKHLWK
DUWLFOHRILQWHUHVW
)RUHDFKMWKRIWKHDUWLFOHVRIWKHVDPSOHZHGHWHUPLQH
UM WKH QXPEHU RI FLWHGSDSHUV WKDWZHUH SXEOLVKHG LQ WKH WKUHH\HDU SHULRG
IURP  WR  DQG DUH LQGH[HG E\ WKH GDWDEDVH LQ XVH 7KHVH
FRQVWUDLQWV ZHUH LQWURGXFHG WR EH FRQVLVWHQW ZLWK WKH WLPH ZLQGRZ
GHVFULEHGDWSRLQW0RHG
UDM WKHWRWDOQXPEHURIFLWHGDXWKRUVHYHQUHSHDWHGLIGLIIHUHQWFLWHGSDSHUV
DUHDXWKRUHGE\WKHVDPHLQGLYLGXDOV
UM WKHWRWDOQXPEHURIXQLTXHFLWHGDXWKRUVREWDLQHGE\WKHXQLRQRIWKHUDL
WRWDOFLWHGDXWKRUVUHPRYLQJWKRVHUHSHDWHG
1H[WWKHGLVWULEXWLRQRIWKHUMYDOXHVUHODWLQJWRWKHSDSHUVRIWKHVDPSOHLV
FRQVWUXFWHG DQG WKH F&7L LV GHILQHG E\ DQ DSSURSULDWH FHQWUDO WHQGHQF\
LQGLFDWRU±HJWKHPHDQ U RUPHGLDQ Ua 7KLVFRQVWUXFWLRQLVEDVHGRQ
WKHDVVXPSWLRQWKDWUHIHUULQJWRWKH LWKDUWLFOH WKHSURSHQVLW\WREHFLWHGE\
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GLIIHUHQW DXWKRUV LV RQ DYHUDJH UHDVRQDEO\ FORVH WR WKH SURSHQVLW\ WR FLWH
GLIIHUHQWDXWKRUVUHIHUULQJWRDUWLFOHVLVVXHGE\WKHVDPHMRXUQDO$FFRUGLQJWR
WKLVFRQVWUXFWLRQDUWLFOHVSXEOLVKHGLQWKHVDPHMRXUQDODQG LQWKHVDPH\HDU
ZLOOKDYHWKHVDPHF&7LYDOXH3UREDEO\DPRUHULJRURXVZD\WRHVWLPDWHWKH
F&7L±EXWDOVRFRPSXWDWLRQDOO\PRUHH[SHQVLYH±LVWRXVHWKHGLVWULEXWLRQRI
WKHUMYDOXHVUHODWLQJWRWKHDUWLFOHVWKDWFLWHRWKHUDUWLFOHVLVVXHGE\WKHDUWLFOH
RI LQWHUHVW¶V MRXUQDO )RU IXUWKHU LQIRUPDWLRQ DERXW WKLVSRLQW SOHDVH UHIHU WR
)UDQFHVFKLQLHWDOF

7DEOH6XPPDU\RIWKHDQDO\VLVUHVXOWV)RUHDFKRIWKHMRXUQDOVLQ7DEOHZH
UHSRUWWKHLQGLFDWRUVLOOXVWUDWHGLQWKH³'DWDFROOHFWLRQ´VXEVHFWLRQ2YHUDOO
LQGLFDWRUVDUHREWDLQHGE\DJJUHJDWLQJWKHGDWDUHODWLQJWRWKHWKUHHMRXUQDOV
H[DPLQHGLQHDFKILHOG


7KH FVLQGH[ UHODWHG WR WKH DUWLFOHV RI HDFK MRXUQDO FDQ EH FDOFXODWHG XVLQJ WKH
F&7LGHWHUPLQHGDWSRLQWDFFRUGLQJWR(T7KHLQIRUPDWLRQDWSRLQWFDQ
DOVREHXVHGWRGHWHUPLQHWKHDYHUDJHQXPEHURIDXWKRUVUDSSDQGWKHSHUFHQWDJH
RIXQLTXHDXWKRUVUSRIWKHDUWLFOHVFLWHGE\WKH6DUWLFOHVRIWKHVDPSOHVHH(T
6LPLODUO\ WKH LQIRUPDWLRQDWSRLQW  FDQEHXVHG WRGHWHUPLQH WKH DYHUDJH
QXPEHURIDXWKRUVFDSSDQGWKHSHUFHQWDJHRIXQLTXHDXWKRUVFSRIWKHDUWLFOHV
WKDWFLWHWKH3DUWLFOHVRILQWHUHVWVHH(T
7KH RYHUDOO FDSS UDSS FS DQG US YDOXHV RI WKH VHYHQ ILHOGV H[DPLQHG FDQ EH
HVWLPDWHG E\ DJJUHJDWLQJ GDWD UHODWHG WR WKH WKUHH MRXUQDOV FRQVLGHUHG LQ HDFK
GLVFLSOLQH
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 U  Ua   U   Ua 
%L
R %LR                   %LR                   
%LR                   
RYHUDOO                   
&K
H &KH                   &KH                   
&KH                   
RYHUDOO                   
(Q
J (QJ                   (QJ                   
(QJ                   
RYHUDOO                   
0
DW
0DW                   
0DW                   
0DW                   
RYHUDOO                   
0
HG
 0HG                   
0HG                   
0HG                   
RYHUDOO                   
3K
\ 3K\                   3K\                   
3K\                   
RYHUDOO                   
3V
\ 3V\                   3V\                   
3V\                   
RYHUDOO                   
310 
,QIRUPDWLRQDWSRLQW  FDQDOVREHXVHG WREXLOGRWKHU LQGLFDWRUV& LH WRWDO
QXPEHU RI FLWDWLRQV &33 LH DYHUDJH FLWDWLRQV SHU SDSHU K FK DQG V $V
UHJDUGV WKH VLQGH[ ZH ZLOO FRPSDUH WKH FL FLWDWLRQV REWDLQHG E\ HDFK LWK
SDSHUZLWKD&7LUHSUHVHQWHGE\WKHPHDQRUPHGLDQQXPEHURIUHIHUHQFHV MU DQG
MUa UHVSHFWLYHO\WKDWDUHJLYHQE\HDFKMWKRIWKHDUWLFOHVRIWKHVDPSOH
&RQYHQWLRQDOO\DOOLQGLFDWRUVDUHFRQVWUXFWHGFRQVLGHULQJWKHFLWDWLRQVREWDLQHGLQ
DQG WKH UHIHUHQFHVJLYHQ WR FLWHGDUWLFOHV LVVXHG IURP WRDQG
LQGH[HGE\:R6
'DWDDQDO\VLV
7DEOH  VXPPDULVHV WKH UHVXOWV RI WKH HPSLULFDO DQDO\VLV )RU HDFK MRXUQDO WKH
& FLWRWDOFLWLQJSDSHUVDUHWKRVHFLWLQJHDFKLWKRIWKH3SDSHUVRILQWHUHVW
DQGWKH5 ULWRWDOFLWHGSDSHUVDUHWKHRQHVFLWHGE\HDFKMWKRIWKH6DUWLFOHV
RIWKHVDPSOH$OOVWDWLVWLFVZHUHFRQVWUXFWHGFRQVLGHULQJWKHDIRUHPHQWLRQHGWLPH
ZLQGRZVDQGWKHSDSHUVLQGH[HGE\:R6
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KLJKHVWGDWXP
ORZHVWGDWXP
.H\
1RRIFRDXWKRUVSHUSDSHU

)LJXUH%R[SORWRIWKHGLVWULEXWLRQRIWKHQXPEHURIFRDXWKRUVUHODWLQJWRWKH
FLWLQJDQGFLWHGSDSHUVFRQFHUQLQJWKHVHYHQILHOGVH[DPLQHG&LWLQJSDSHUVDUH
WKRVHWKDWFLWHWKH3SDSHUVRILQWHUHVWZKLOHFLWHGSDSHUVDUHWKRVHFLWHGE\WKH6
SDSHUVRIWKHPDFURVDPSOH44DQG4DUHWKHILUVWVHFRQGDQGWKHWKLUG
TXDUWLOHRIWKHGLVWULEXWLRQVRILQWHUHVW

)RU D VSHFLILF MRXUQDO WKHUH DUH PDUJLQDO GLIIHUHQFHV EHWZHHQ FLWLQJ DQG FLWHG
DXWKRUVDVUHJDUGVLWKHDYHUDJHQXPEHURIDXWKRUVSHUSDSHULHFDSSDQGUDSS
YDOXHVDQGLLWKHSHUFHQWDJHRIXQLTXHDXWKRUVLHFSDQGUSYDOXHV
%HVLGHVWKHUHDUHUHODWLYHO\VPDOOYDULDWLRQVDPRQJWKHWKUHHMRXUQDOVLQDVSHFLILF
ILHOG)RUWKLVUHDVRQLWVHHPVDSSURSULDWHWRFDOFXODWHVRPHDJJUHJDWHGLQGLFDWRUV
IRUWKHZKROHGLVFLSOLQHVVHH³RYHUDOO´LQGLFDWRUVLQ7DEOH7KHGHWHUPLQDWLRQ
RIWKHRYHUDOOLQGLFDWRUV±E\MRLQLQJWKHGDWDUHODWHGWRWKHWKUHHMRXUQDOVLQHDFK
GLVFLSOLQH±LVH[WHQGHGWRDOO WKHLQGLFDWRUVSUHVHQWHGLQ7DEOH,QWKHFDVHRI
WKH FVLQGH[ DQG VLQGH[ RYHUDOO LQGLFDWRUV DUH FRQVWUXFWHG XVLQJ F&7L DQG&7L
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YDOXHVGHWHUPLQHGRQWKHEDVLVRIPDFURVDPSOHVREWDLQHGE\MRLQLQJWKHDUWLFOHV
LVVXHGLQE\WKHWKUHHMRXUQDOVVHOHFWHGIRUHDFKGLVFLSOLQH
5HWXUQLQJWRWKHFRPSDULVRQEHWZHHQFDSSDQGUDSSYDOXHVLQHDFKILHOGDVLPSOH
ZD\WRYLVXDOL]HWKHLUVLPLODULW\LVWKURXJKER[SORWVEDVHGRQRYHUDOOVWDWLVWLFV,Q
SDUWLFXODUWZRGLVWULEXWLRQVDUHFRQVLGHUHGLWKDWRIWKHQXPEHURIDXWKRUVSHU
SDSHUUHODWLQJWRDUWLFOHVWKDWFLWHWKHSDSHUVRILQWHUHVWDQGLLWKDWRIWKHSDSHUV
FLWHGE\WKHSDSHUVRIWKHPDFURVDPSOHVHH)LJXUH
,W FDQ EH VHHQ WKDW IRU HDFK GLVFLSOLQH WKH QRWFKHV RI WKH WZR ER[SORWV
UHVSHFWLYHO\ IRU FLWLQJ DQG FLWHGSDSHUV DOPRVW FRPSOHWHO\ RYHUODS VXSSRUWLQJ
WKHYLHZRIDEVHQFHRIV\VWHPDWLFGLIIHUHQFHVEHWZHHQWKHWZRGLVWULEXWLRQV7KH
VDPHK\SRWKHVLVFDQEHWHVWHGE\PRUHULJRURXVVWDWLVWLFDOWHVWVDOEHLWLQWURGXFLQJ
DGGLWLRQDO DVVXPSWLRQV DERXW GLVWULEXWLRQV 2Q WKH FRQWUDU\ ZKHQ FRPSDULQJ
GLIIHUHQW ILHOGV WKHUH DUH V\VWHPDWLF GLIIHUHQFHV FRQILUPLQJ ZKDW REVHUYHG LQ
RWKHU VWXGLHV *OlQ]HO  )RU H[DPSOH OHW XV FRQVLGHU WKH FRPSDULVRQ
EHWZHHQWKHQRWFKHVUHODWLQJWR0DWKHPDWLFVDQG3K\VLVFV
$V UHJDUGV WKHFRPSDULVRQEHWZHHQ FS DQG USYDOXHV WKHTXHVWLRQ LVDELWPRUH
FRPSOLFDWHG WKH RYHUDOO SHUFHQWDJHV RI GLIIHUHQW DXWKRUV UHVSHFWLYHO\ FLWLQJ RU
FLWHGFDQEHVHHQDVZHLJKWHGDYHUDJHVRI WKHVDPHSHUFHQWDJHVDW WKH OHYHORI
LQGLYLGXDOSDSHUV
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EHLQJ
FSL WKHSHUFHQWDJHRIXQLTXHFLWHUVUHODWLQJWRWKHLWKRIWKH3SDSHUVRILQWHUHVWFDL WKH³ZHLJKW´RIFSLLHWKHQXPEHURIDXWKRUVHYHQUHSHDWHGFLWLQJWKHLWK
SDSHU
USM WKH SHUFHQWDJH RI XQLTXH DXWKRUV FLWHG E\ WKH MWK RI WKH 6 SDSHUV RI WKH
VDPSOH
UDM WKH³ZHLJKW´RIUSMLHWKHQXPEHURIDXWKRUVHYHQUHSHDWHGFLWHGE\WKHM
WKSDSHU
%HLQJFSDQGUSZHLJKWHGTXDQWLWLHVRQHFDQUHSUHVHQWWKHGLVWULEXWLRQVRIFSLDQGUSMYDOXHVE\VSHFLDOER[SORWVEDVHGRQZHLJKWHGTXDUWLOHVGHILQHGDV
x ZF4  ZF4 DQG ZF4  LH WKHZHLJKWHGILUVWVHFRQGRUZHLJKWHGPHGLDQ
DQGWKLUGTXDUWLOHRIWKHFSLYDOXHV7KHVHLQGLFDWRUVDUHREWDLQHGE\RUGHULQJLQ
DVFHQGLQJ RUGHU WKH FSL YDOXHV RI WKH DUWLFOHV RI LQWHUHVW DQG FRQVLGHULQJ WKH
YDOXHVIRUZKLFKWKHFXPXODWLYHRIZHLJKWVLVHTXDOWRUHVSHFWLYHO\ WKH
DQGRIWKHLUVXP
x ZU4  ZU4  DQG ZU4  LH WKH ZHLJKWHG ILUVW VHFRQG LH WKH ZHLJKWHG
PHGLDQDQGWKLUGTXDUWLOHRIWKHUSLYDOXHV
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7KH ER[SORWV UHODWLQJ WR ZHLJKWHG TXDUWLOHV DUH UHSUHVHQWHG LQ )LJXUH  7KH
GLIIHUHQFHV EHWZHHQ WKH FSL DQG USM GLVWULEXWLRQV ZLWKLQ WKH VDPH ILHOG VHHP
LQVLJQLILFDQW:HDOVRQRWHWKHDEVHQFHRIVLJQLILFDQWGLIIHUHQFHVEHWZHHQILHOGV
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KLJKHVWGDWXP
ORZHVWGDWXP
.H\
3HUFHQWDJHRIXQLTXHFLWLQJFLWHGDXWKRUVSHUSDSHU

)LJXUH³:HLJKWHG´ER[SORWRIWKHSHUFHQWDJHRIXQLTXHFLWLQJFSLDQGFLWHG
DXWKRUVUSLUHODWLQJWRWKHSDSHUVWKDWFLWHWKHSDSHUVRILQWHUHVWDQGDUHFLWHGE\
WKHSDSHUVRIWKHPDFURVDPSOHLQWKHVHYHQILHOGVH[DPLQHG

Z4  

Z4  DQG

Z4  
DUHWKHILUVWVHFRQGDQGWKHWKLUGZHLJKWHGTXDUWLOHRIWKHGLVWULEXWLRQVRILQWHUHVW

5HWXUQLQJWR7DEOHWKHUHDUHUHODWLYHO\OLWWOHGLIIHUHQFHVLQWHUPVRIF&7LYDOXHV
LH HVWLPDWRUV RI WKH SURSHQVLW\ WR FLWH GLIIHUHQW DXWKRUV IRU MRXUQDOV RI WKH
VDPH ILHOG 6RPH H[FHSWLRQV DUH %LR IRU %LRORJ\ DQG (QJ IRU (QJLQHHULQJ
7KLV LQFRPSOHWH XQLIRUPLW\ LV SUREDEO\ GXH WR WKH IDFW WKDW VRPH MRXUQDOV DUH
LQIOXHQFHG E\ SXEOLFDWLRQV RI QHLJKERXULQJ ILHOGV ZLWK GLIIHUHQW FLWDWLRQ
SURSHQVLW\ )RU D PRUH ULJRURXV HVWLPDWH LW ZRXOG SUREDEO\ EH DSSURSULDWH WR
GHILQHF&7LVXVLQJDODUJHUVDPSOHRISDSHUVMRXUQDOV
)RUHDFKMRXUQDOLQ7DEOHDUHUHSRUWHGWZRGLIIHUHQWF&7MVLHXVLQJ U DQGUa
 ,Q JHQHUDO WKH UHVXOWLQJ YDOXHV DUH KLJKHU LQ WKH ILUVW FDVH 7KLV SUREDEO\
GHSHQGV RQ WKH LQFLGHQFH RI SDSHUV FKDUDFWHUL]HG E\ K\SHUDXWKRUVKLS ± LH
OLWHUDOO\ WHQV RU HYHQ KXQGUHGV RI DXWKRUV &URQLQ  ± ZKLFK WHQGV WR
³LQIODWH´ U EXWQRW Ua DVWKHODWWHULQGLFDWRULVRQO\PDUJLQDOO\VHQVLWLYHWRWKH
ULJKWWDLORIWKHGLVWULEXWLRQRIUMYDOXHV
$QRWKHULQWHUHVWLQJDVSHFWLVWKHOLQNEHWZHHQFVLQGH[DQGVLQGH[7KHGLDJUDP
LQ )LJXUH  ± ZKLFK LV FRQVWUXFWHG XVLQJ F&7L U  DQG&7L U  LQ 7DEOH  ±
VKRZV D VWURQJ FRUUHODWLRQ 5§ VLPLODU WR WKDW EHWZHHQ FK DQG K
)UDQFHVFKLQLHWDO(JJKH$OO WKHSRLQWVRI WKHJUDSK±DOWKRXJK
UHVXOWLQJIURPDUWLFOHVRIGLIIHUHQWVFLHQWLILFILHOGV±WHQGWREHGLVWULEXWHGDURXQG
WKHVDPHWUHQGOLQHZKLFKLVYHU\FORVHWRWKHELVHFWRURIWKHFVVSODQH
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 FVYHUVXVVLQGH[IRUWKHMRXUQDOVH[DPLQHGFVLQGH[
VLQGH[

)LJXUH5HODWLRQVKLSEHWZHHQWKHFVDQGVLQGH[IRUWKHMRXUQDOVH[DPLQHG
,QGLFDWRUVDUHFDOFXODWHGFRQVLGHULQJUHVSHFWLYHO\F&7L U DQG&7L U VHH7DEOH

,QWKHDEVHQFHRI³DQRPDOLHV´±HJKLJKLQFLGHQFHRIVHOIFLWDWLRQVRUFLWDWLRQV
IURP UHFXUUHQW FLWLQJ DXWKRUV ± WKH FVLQGH[ DQG VLQGH[ VKRXOG EH YHU\ FORVH
7KHUHIRUH WKH VWXG\ RI WKHLU GLIIHUHQFH FDQ EH XVHIXO WR KLJKOLJKW DEQRUPDO
VLWXDWLRQV )RU H[DPSOH FRQVLGHU WKH SRLQW UHODWHG WR0HG LQ )LJXUH ZKLFK
FRUUHVSRQGVWRDUHODWLYHO\KLJKYDOXHRIVLQGH[DVVRFLDWHGWRDTXLWHVPDOOYDOXH
RIFVLQGH[SUREDEO\GXHWRDUHODWLYHO\KLJKLQFLGHQFHRIVHOIFLWHUVDQGUHFXUUHQW
FLWLQJ DXWKRUV 2Q WKH FRQWUDU\ WKH SRLQW UHODWHG WR (QJ GHQRWHV DQ RSSRVLWH
VLWXDWLRQ LQ ZKLFK FVLQGH[ LV PXFK ODUJHU WKDQ VLQGH[ SUREDEO\ GXH WR DQ
RSSRVLWHDWWLWXGH
)XUWKHUUHPDUNV
7KLV VWXG\ UHYHDOHG VRPH LQWHUHVWLQJ SRLQWV WKDW LW LV ZRUWK VXPPDUL]LQJ DQG
GHYHORSLQJLQWKHIROORZLQJ
x 7KHDQDO\VLVVXJJHVWVWKDWWKHFRPSDULVRQWHUPF&7LRIWKHFVLQGH[FDQEH
FRQVWUXFWHG XVLQJ WKH GLVWULEXWLRQ RI WKHUM YDOXHV UHODWHG WR WKH SDSHUV RI D
VDPSOH7KLVLVMXVWLILHGE\WKHDEVHQFHRIV\VWHPDWLFGLIIHUHQFHVEHWZHHQL
WKH DYHUDJH QXPEHU RI DXWKRUV DQG LL WKH DYHUDJH SHUFHQWDJH RI XQLTXH
DXWKRUVEHWZHHQFLWLQJDQGFLWHGSDSHUVLQDFHUWDLQILHOG2QWKHRWKHUKDQG
WKHDQDO\VLVFRQILUPHGVRPHV\VWHPDWLFGLIIHUHQFHVEHWZHHQILHOGVDVUHJDUGV
WKHDYHUDJHQXPEHURIDXWKRUVSHUSDSHU
x 7KH FVLQGH[ LV DQ LQGLFDWRU WKDW DOWKRXJK JHQHUDOO\ FRUUHODWHG ZLWK WKH V
LQGH[FDQFRPSOHPHQWLWEHLQJRQO\PDUJLQDOO\DIIHFWHGE\VHOIFLWDWLRQVDQG
FLWDWLRQVIURPUHFXUUHQWFLWHUV
x 6LPLODUO\ WR WKH VLQGH[ WKH FVLQGH[ KDV DQ LPPHGLDWH PHDQLQJ DQG LV
SUDFWLFDO IRU QRUPDOL]DWLRQV DLPHG DW REWDLQLQJ WKH VRFDOOHG VL]H
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LQGHSHQGHQF\ WKDQNV WR WKH UDWLR VFDOHSURSHUW\ )UDQFHVFKLQLHW DO D
)RUH[DPSOHVFLHQWLILFMRXUQDOVZLWKDGLIIHUHQWQXPEHU3RIDUWLFOHVFRXOG
EHHDVLO\FRPSDUHGE\PHDQVRIWKHSHUFHQWDJHRI³VXFFHVVIXO´SDSHUVLHFV
LQGH[3
x (YHQLILWZDVQRWVKRZQGLUHFWO\LQWKLVSDSHUDQRWKHUDGYDQWDJH³LQKHULWHG´
E\WKHVLQGH[LVWKDWFVLQGH[FDQEHFDOFXODWHGIRUDVHWRIPXOWLGLVFLSOLQDU\
DUWLFOHV WKDQNV WR WKH ILHOGQRUPDOL]DWLRQ WKDW LW DFKLHYHV DW WKH OHYHO RI
LQGLYLGXDO SDSHU )RU H[DPSOH WKH FVLQGH[ FDQ EH XVHG DV D SUR[\ IRU
V\QWKHVL]LQJWKHSURGXFWLYLW\DQGLPSDFWRILWKHZKROHSXEOLFDWLRQRXWSXWRI
VFLHQWLVWV LQYROYHG LQPXOWLSOH GLVFLSOLQHV HJPDWKHPDWLFLDQV RU FRPSXWHU
VFLHQWLVWV DFWLYHO\ LQYROYHG LQ ELEOLRPHWULFV RU LL WKDW RI HQWLUH
PXOWLGLVFLSOLQDU\UHVHDUFKLQVWLWXWLRQV
x $GLVDGYDQWDJH RI WKH FVLQGH[ LV WKH FRPSXWDWLRQDO FRPSOH[LW\ RI WKH F&7L
YDOXHV(JRXUGDWDFROOHFWLRQDQGDQDO\VLV±ZKLFKZDVSHUIRUPHGE\DQDG
KRFDSSOLFDWLRQVRIWZDUHDEOHWRTXHU\WKH:R6GDWDEDVHDXWRPDWLFDOO\±WRRN
DERXWWZHQW\FRQVHFXWLYHKRXUV
x $QRWKHU SRWHQWLDO GUDZEDFN RI FVLQGH[ LV UHSUHVHQWHG E\ K\SHUDXWKRUVKLS
ZKLFKFRXOGOHDGWRLQIODWHF&7LYDOXHV$SDUWLDOVROXWLRQWRWKLVSUREOHPLVL
WRGHWHUPLQHF&7LE\LQGLFDWRUVWKDWDUHLQVHQVLWLYHWRWKHULJKWKDQGWDLORIWKH
GLVWULEXWLRQRIUM HJ Ua RU LL WR DSSO\ VRPHH[FOXVLRQFULWHULD VR DV WR
FXUWDLOWKHFRXQWRIWKHDXWKRUVRIDFHUWDLQSDSHUDFFRUGLQJWRDFRQYHQWLRQDO
WKUHVKROG
7KH:R6GDWDEDVHFRQILJXUDWLRQLQFOXGHGWKHIROORZLQJUHVRXUFHV&LWDWLRQ,QGH[([SDQGHG6&,
(;3$1'(' IURP WRSUHVHQW6RFLDO6FLHQFHV&LWDWLRQ ,QGH[ 66&, IURP WRSUHVHQW
$UWV	+XPDQLWLHV&LWDWLRQ,QGH[$	+&,IURPWRSUHVHQW&RQIHUHQFH3URFHHGLQJV&LWDWLRQ
,QGH[  6FLHQFH &3&,6 IURP  WR SUHVHQW &RQIHUHQFH 3URFHHGLQJV&LWDWLRQ ,QGH[  6RFLDO
6FLHQFH	+XPDQLWLHV&3&,66+IURPWRSUHVHQW
5HIHUHQFHV
$MLIHUXNH , 	 :ROIUDP '  &LWHU DQDO\VLV DV D PHDVXUH RI UHVHDUFK
LPSDFW/LEUDU\DQGLQIRUPDWLRQVFLHQFHDVDFDVHVWXG\6FLHQWRPHWULFV
±
%RUQPDQQ/$EHWWHUDOWHUQDWLYHWRWKHKLQGH[-RXUQDORI,QIRUPHWULFV

%UDXQ7*OlQ]HO:	6FKXEHUW$  6FLHQWRPHWULF ,QGLFDWRUV$
FRXQWU\FRPSDUDWLYHHYDOXDWLRQRISXEOLVKLQJSHUIRUPDQFHDQGFLWDWLRQLPSDFW
3KLODGHOSKLD:RUOG6FLHQWLILF
&URQLQ% +\SHUDXWKRUVKLS$SRVWPRGHUQ SHUYHUVLRQ RU HYLGHQFH RI D
VWUXFWXUDOVKLIWLQVFKRODUO\FRPPXQLFDWLRQSUDFWLFHV"-RXUQDORIWKH$PHULFDQ
6RFLHW\IRU,QIRUPDWLRQ6FLHQFHDQG7HFKQRORJ\±
'LHNV'	&KDQJ.+'LIIHUHQFHVLQLPSDFWRIVFLHQWLILFSXEOLFDWLRQV
6RPHLQGLFHVGHULYHGIURPDFLWDWLRQDQDO\VLV6RFLDO6WXGLHVRI6FLHQFH
±
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(JJKH / 	 5RXVVHDX 5  ,QWURGXFWLRQ WR ,QIRUPHWULFV 4XDQWLWDWLYH
0HWKRGV LQ /LEUDU\ GRFXPHQWDWLRQ DQG ,QIRUPDWLRQ 6FLHQFH $PVWHUGDP
(OVHYLHU
(JJKH/ $ UDWLRQDOH IRU WKH UHODWLRQEHWZHHQ WKHFLWHUKLQGH[DQG WKH
FODVVLFDO KLQGH[ RI D UHVHDUFKHU WR DSSHDU LQ 6FLHQWRPHWULFV '2,
V
)UDQFHVFKLQL)0DLVDQR'3HURWWL$	3URWR$$QDO\VLVRIWKHFK
LQGH[ DQ LQGLFDWRU WR HYDOXDWH WKH GLIIXVLRQ RI VFLHQWLILF UHVHDUFK RXWSXW E\
FLWHUV6FLHQWRPHWULFV±
)UDQFHVFKLQL ) *DOHWWR00DLVDQR ' 	0DVWURJLDFRPR / D 7KH
VXFFHVVLQGH[ DQ DOWHUQDWLYH DSSURDFK WR WKH KLQGH[ IRU HYDOXDWLQJ DQ
LQGLYLGXDO
VUHVHDUFKRXWSXW6FLHQWRPHWULFV
)UDQFHVFKLQL)*DOHWWR00DLVDQR'	0DVWURJLDFRPR/E)XUWKHU
FODULILFDWLRQVDERXWWKHVXFFHVVLQGH[-RXUQDORI,QIRUPHWULFV±
)UDQFHVFKLQL)0DLVDQR'	0DVWURJLDFRPR/F(YDOXDWLQJUHVHDUFK
LQVWLWXWLRQV WKH SRWHQWLDO RI WKH VXFFHVVLQGH[ WR DSSHDU LQ 6FLHQWRPHWULFV
'2,V
*OlQ]HO :  &RDXWKRUVKLS SDWWHUQV DQG WUHQGV LQ WKH VFLHQFHV 
 $ ELEOLRPHWULF VWXG\ ZLWK LPSOLFDWLRQV IRU GDWDEDVH LQGH[LQJ DQG
VHDUFKVWUDWHJLHV/LEUDU\7UHQGV±
*OlQ]HO :  7KH DSSOLFDWLRQ RI FKDUDFWHULVWLF VFRUHV DQG VFDOHV WR WKH
HYDOXDWLRQDQGUDQNLQJRIVFLHQWLILFMRXUQDOV-RXUQDORI ,QIRUPDWLRQ6FLHQFH
±
+LUVFK -(  $Q LQGH[ WR TXDQWLI\ DQ LQGLYLGXDO¶V VFLHQWLILF UHVHDUFK
RXWSXW3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHVRIWKH8QLWHG6WDWHV
RI$PHULFD±
,6, :HE RI .QRZOHGJH  (VVHQWLDO 6FLHQFH ,QGLFDWRUV
KWWSWKRPVRQUHXWHUVFRP>1RY@
0RHG+) 7KH6RXUFH1RUPDOL]HG ,PSDFWSHU3DSHU 61,3 LV DYDOLG
DQGVRSKLVWLFDWHGLQGLFDWRURIMRXUQDOFLWDWLRQLPSDFW-RXUQDORIWKH$PHULFDQ
6RFLHW\IRU,QIRUPDWLRQ6FLHQFHDQG7HFKQRORJ\±
7KRPVRQ 5HXWHUV   -RXUQDO &LWDWLRQ 5HSRUWV ± 6FLHQFH (GLWLRQ
ZZZLVLNQRZOHGJHFRP
9LQNOHU3$SSOLFDWLRQRIWKHGLVWULEXWLRQRIFLWDWLRQVDPRQJSXEOLFDWLRQV
LQVFLHQWRPHWULFHYDOXDWLRQV-RXUQDORIWKH$PHULFDQ6RFLHW\IRU,QIRUPDWLRQ
6FLHQFHDQG7HFKQRORJ\±
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